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ABSTRACT 
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Values  for  POgo.  PCQ^>  a?d  dH  of  blood  in  a  closed  system 
change  with  alterations  in/  temperature.  We  carried  out  this 
investigation  because  eauations  were  not  available  for  making 
appropriate  temperature  corrections  for  goat  blood.  Fifty-eight 
samples  of  venous  blood  from  ten  goats  were  equilibrated  at  40C 


with  gases  giving  a  wide  range  of  values  of 


A- 


and 


P602. 


Each 


sample  was  simultaneously  analyzed  for  these  Variables  and  for  pH  in 

two  identical  blood-gas  analyzers,  one  with  electrodes  maintained  at 

'X..  X— 

37  C,  the  other  at  40°C.  Values  measured  at  37°C  were 


corrected  to  40  C  using  equations  developed  to  correct 
'PSQ.,  and  pH  in  human  blood  for  changes  in  temperature.  Values 
corrected  to  4(TC  from  37  C  were  not  significantly  different 
from  those  measured  directly  at  40  C.  Therefore,  equations  for 
correcting  Nd2,  P6Q2,  and  pH  for  temperature  in  human  blood  can 

•  n  .'■-Or' 

be  applied  with  cohfidence  to  goat  blood  within  the  range  of 
temperatures  studied. 


Index  Terms:  Acid-Base  Balance 


Blood  Gases 


INTRODUCTION 


Values  of  P02*  PC02,  and  pH  in  blood  not  exposed  to  a  gas 
phase  vary  with  changes  in  temperature.  Analysis  of  these  variables 
would  ideally  be  carried  out  with  electrodes  maintained  at  the 
temperature  of  the  blood  in  vivo.  Because  this  is  usually  not 
convenient,  equations  are  used  to  correct  measured  values  of  P02, 
PC02,  and  pH  for  changes  in  temperature. 

Studies  we  recently  performed  in  goats  required  particularly 
accurate  determination  of  PC02  in  arterial  blood  in  vivo.  We  knew 
of  no  experimentally  verified  algorithms  for  correcting  values  of 
P02,  PC02,  and  pH  in  goat  blood  for  differences  in  temperature 
between  the  goat's  body  and  the  analyzing  electrodes.  Therefore,  we 
carried  out  this  investigation  to  determine  whether  empirically 
derived  equations  for  making  these  corrections  for  human  blood  are 
valid  when  applied  to  goat  blood. 


METHODS 

Twenty  to  80  ml  of  venous  blood  were  withdrawn  from  each  of  ten 
goats  (Capra  hircus).  The  aliquots  were  divided  into  58  5-ml 
samples,  each  of  which  was  equilibrated  at  40°C  (Dynex  Large 
Bubble  Tonometer,  Analytical  Products,  Inc.)  for  20  min  with  a  gas 
having  P02  38-122  torr  and  PC02  22-99  torr.  (An  exception  was 


that  9  of  the  samples  were  eauilibrated  with  a  gas  having  P02 
greater  than  650  torr.  P02  was  not  measured  in  these  samples, 
because  it  would  have  been  outside  the  range  under  study.)  Base 
excess  was  not  experimentally  altered;  measured  values  of  pH  varied 
because  of  experimentally  induced  changes  in  PC02  and  preexisting 
differences  in  base  excess. 

i  I 

Values  of  P02,  PC02,  and  oH  in  each  sample  were  measured 
simultaneously  in  two  identical  blood  gas  analyzers  (BMS-3  MK2, 
Radiometer  A/S),  one  with  electrodes  maintained  at  37°C,  the  other 
at  40°C.  Temperatures  of  the  water  baths  were  confirmed  with  a 
quartz  calibrating  thermometer  (Hewlett-Packard  Model  2804A).  The 
P02  and  PC02  electrodes  of  both  analyzers  were  calibrated  with 
the  same  set  of  gas  standards,  humidified  to  saturation  at 
temperature  of  the  electrodes.  The  pH  electrodes  were  calibrated 
with  precision  buffers  (Radiometer)  having  known  values  of  pH  at  37 
and  40°c. 

Each  set  of  analyses  (P02,  PC02,  and  pH)  was  performed  in 
triplicate.  When  one  of  the  three  measurements  differed  by  more 
than  2  torr  for  P02,  1.5  torr  for  PC02,  or  0.010  for  pH,  a 
fourth  (and  rarely  a  fifth)  measurement  was  made.  The  arithmetic 
mean  of  three  comoatible  measurements  was  taken  as  the  measured 


value.  Values  measured  at  37°C  were  then  corrected  to  40°C 
using  the  following  algorithms  that  compensate  for  changes  in  the 
temperature  of  human  blood  in  a  closed  system  (3,5,6): 

Pc  =  Pm  (exp1Q  ( (Tc-Tm) (0.0265/((Pm/146)3+l)  +  0.0007/(0.02 

(Pm-230)2+l)  +  0.0047)))  (1) 
PPc  =  PPm  (exp1Q  (0.019  (Tc-Tm)))  (2) 
pHc  =  pHm  -  (Tc-Tm) (0.0146  +  0.0065  (pHm-7.4))  (3) 

where  Pc,  PPc,  and  pHc  are  P02>  PC02,  and  pH,  respectively, 
corrected  to  Tc  degrees  Celsius,  and  Pm,  PPm,  and  pHm  are  P02, 
PC02,  and  pH,  respectively,  measured  at  Tm  degrees  Celsius. 

Data  pairs  were  excluded  (because  of  presumed  measurement 
errors)  if  differences  between  measured  and  calculated  values  were 
farther  than  3  standard  deviations  from  the  mean  difference  between 
all  measured  and  corrected  values.  The  numbers  of  pairs  thus 
excluded  were:  P02:  2  of  49;  PC02:  1  of  58;  pH:  2  of  58. 

Statistical  analysis  was  performed  using  Student's  t  test  and 
linear  rearession.  In  fitting  straight  lines  to  plots  of  measured 
versus  corrected  values,  diagonal  distances  (as  opposed  to  vertical) 
were  minimized,  because  measurement  errors  were  possible  in 
abscissas  as  well  as  in  ordinates  (2). 
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RESULTS 

Values  of  P02*  PC02,  and  pH  corrected  to  40°C  from  37°C 
were  not  significantly  different  (P  greater  than  0.08  by  paired  t 
test)  from  those  measured  directly  at  40°C.  That  is,  mean 
differences  between  corrected  and  directly  measured  values  for  each 
of  the  three  variables  did  not  significantly  differ  from  zero.  The 
differences  were  normally  distributed  around,  zero  (Figures  1-3  top 
panels) . 

For  each  of  the  three  variables,  when  corrected  values 
(ordinates)  were  plotted  against  directly  measured  values 
(abscissas),  the  linear  regression  had  a  correlation  coefficient  of 
0.999  or  greater,  a  slope  not  significantly  different  from  one  (P 
greater  than  0.34),  and  an  x  and  a  y  intercept  not  significantly 
different  from  zero  (that  is,  zero  was  within  the  95  percent 
confidence  limits  for  both  x  and  y  intercepts)  (Figures  1-3  bottom 
panels). 

DISCUSSION 

P02  of  blood  in  a  closed  system  changes  when  the  temperature 
is  varied  because  of  alterations  in  the  affinity  between  oxygen  and 
hemoglobin,  in  the  solubility  of  oxygen  in  blood,  and  thus  in  the 
degree  of  saturation  of  hemoglobin  with  oxygen.  Temperature  has  not 
only  a  direct  effect  on  the  affinity  between  oxygen  and  hemoglobin, 
but  also  an  indirect  effect  produced  through  temperature-induced 


changes  in  PC02  and  pH,  which  also  influence  oxygen-hemoglobin 
affinity  (3,6).  PC02  and  pH  vary  with  temperature  owing  to 
changes  in  ionization  constants  of  water  and  of  ionizable  solutes, 
as  well  as  changes  in  the  solubility  of  carbon  dioxide  in  blood 
(3,6).  Because  of  known  differences  between  goat  and  human  blood 
(1),  there  was  reason  to  doubt  that  equations  developed  for  human 
blood  could  be  applied  without  modification  to  goat  blood.  However, 
within  the  range  of  temperatures  studied,  we  found  that  equations 
for  correcting  P02,  PC02,  and  pH  in  human  blood  for  temperature 
can  be  applied  with  confidence  to  goat  blood. 
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LEGENDS  FOR  FIGURES 


Figure  1 

Top  Panel:  Freauencies  of  occurrence  of  differences  between 
values  corrected  to  40°C  from  37°C  and  those  directly  measured 

at  40°C  are  normally  distributed  around  zero  (P  greater  than  0.05 

•.  i 

by  Lilliefors  test  (4)).  Positive  differences  indicate  measured 

values  greater  than  corrected.  The  mean  difference  is  not 
significantly  different  from  zero. 

Bottom  Panel:  Linear  regression  (with  95  Dercent  confidence 

limits)  of  values  corrected  to  40°C  from  37°C  versus  those 
directly  measured  at  40°C.  The  slope  is  not  significantly 

different  from  one,  and  the  x  and  y  intercepts  are  not  significantly 
different  from  zero. 

Figure  2 

(See  Figure  1  for  legend.) 

Figure  3 

(See  Figure  1  for  legend.) 
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